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Percutaneous penetration of three insecticides was 
studied by two methods. The indirect (excretion analy-
sis) and direct (skin patch removal) methods for deter-
mining penetration were compared in rats. Radiolabe~ed 
solutions of parathion, carbaryl, and DDT were applied 
to previously shaved rats at the rate of 4 p.g/cm2 • Recov-
eries of radioactivity in urine, feces, application site, and 
various tissues were measured at intervals over a 5-day 
period. Urinary excretion rates were corrected for in-
complete excretion by intraperitoneal applications. 
In the 5 days following intraperitoneal administration, 
the urinary excretion of parathion and carbaryl was 
greater than 80% while less than 5% of DDT wa~ e~­
creted. A good correlation was found between the mdi-
rect and direct methods utilized to determine percuta-
neous absorption rates with the compounds tested at the 
later time intervals. All compounds showed more than 
85% dermal penetration within 5 days. At the early time 
intervals ( <24 h), penetration by the direct method was 
significantly greater for patathion and carbaryl than by 
the indirect method. 
An important aspect of the evaluation of the toxicity ~nd 
environmental effects of chemicals is a study of penetratiOn. 
Although human subjects are the most relevant test animal and 
have been an important part of testing in recent years (1], 
human subjects for research are not readily available to many 
investigators. 
A review of the relevance of animal models has recently been 
reported (2], and techniques for studying skin penetration have 
been compared [3]. A good correlation (72%) has been shown 
between in vitro and in vivo methods for studying penetration 
of human skin (4]. Recently, Bronaugh et al [5,6] reported 
comparison of in vivo and in vitro penetration of polar com-
pounds in rats and humans. . . 
A number of chemicals of different classes (stermds, pesti-
cides, solvents, penetrants, alkaloids, organic acids, electrolyte~, 
drugs, dyes, cortisones, and a number ,of other organic chemi-
cals) have been studied as well as a number of anin1als (humans, 
hairless and normal mice, rats, goats, hairless and normal dogs, 
rabbits, guinea pigs, miniature swine, rhesus and squirrel mon-
keys, horses, cats, and chimpanzees). (See reviews by ~ester 
and Maibach [1], Wester and Noonan [2], as well as studieS by 
Reifenrath et al [7], Scheuplein et al [8], and Middleton [9].) 
Although there are a number o"fvariations of in vivo method~, 
two methods predominate. The indirect or excretion analysis 
method was first reported by Feldmann and Maibach [10-12]. 
It has been slightly modified in some instances but continues to 
be the most acceptable model for this technique. This method 
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is especially useful for experiments on human subjects using 
compounds that are not highly toxic because it is relatively 
simple, rapid, and repeatable. A radioactive chemical is applied 
to the skin and radioactivity determined in excretory products 
over a 5-day period. A tracer dose is given parenterally to the 
same subjects and radioactivity in the urine determined to 
correct for storage and other routes of excretion, i.e., 
_ % urinary radioactivity, topical X 00 % absorbed- 01 • d' . . . . d 1 to urrnary ra wactlvity, mJecte 
As this method indirectly considers other excretory products or 
chemicals in storage, there is some uncertainty. It is assumed 
that the fate of injected and dermal doses are identical and 
recovery is based upon the theoretically applied dose. A major 
assumption of the method is that equilibrium is reached within 
the time the "correction factor" is ascribed. Where it is impor-
tant to compare early penetration, this assumption may be 
invalid. 
The second major method of in vivo testing is illustrated by 
the more direct methodology utilized by a number of investi-
gators including O'Brien and Dannelley [13], Young et al [14], 
and Shah et al [15]. A radioactive compound is applied to a 
laboratory animal and the time course of penetration followed 
over several time intervals. As a number of tissues are normally 
assayed, it is necessary to kill the experimental animals. In 
addition to analysis of tissues and major excretory products, 
the amount of radioactivity remaining at the site of application 
is determined. These tests are usually of shorter duration than 
the excretion analysis method. The primary disadvantages of 
the method is that human subjects cannot be tested and the 
methodology is much more time consuming when a distribution 
study is a part of the overall study. However, when total 
distribution is not determined, the direct (patch) method is 
very rapid. The primary advantage of the method is that no 
correction factor is required to account for unknown excretory 
or storage products. A recent communication by Guy et al (16] 
describes new techniques for monitoring absorption at the site 
of entry and discusses some practical and theoretical consider-
ations of percutaneous absorption. 
The purpose of this paper is to compare the indirect and 
direct methods employed for penetration studies in one animal 
species to determine whether the methods provide comparable 
information concerning penetration of chemicals. 
MATERIALS AND METHODS 
Radioisotopes 
C'C]-DDT (U-ring labeled, sp act 29.7 mCi/ mmol) was purchased 
from Amersham Corporation, Arlington Heights, Illinois. ["C)-Car-
baryl (naphthyl-1-"C-labeled, sp act 10.2 mCi/mmol) was purchased 
from Pathfinders Laboratories Inc., St. Louis, Missouri. [14C]-Parathion 
(U-ring labeled, sp act 20.0 mCi/mmol) was prepared in our laboratory 
according to the method described by Motoyama and Dauterman 
[17). The radiopw·ity of all compounds was greater than 99% as con-
firmed by appropriate thin-layer chromatography. 
Animals 
Dublin (SDD) male rats weighing 175-200 g were purchased from 
Dominion Laboratories Inc. , Dublin, Virginia. Upon arrival, the animals 
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were acclimated for 48 h prior to treatment. They were offered Purina 
rat chow and water ad lib and held under standard laboratory condi-
tions. 
Treatment 
The methodology utilized for the excretion analysis method was as 
described by Feldmann and Maibach [10-12]. Six animals were treated 
i.p. with 1 JLCi of labeled insecticide. Treated animals were housed 
individually in polycarbonate rat metabolism cages. The urine and feces 
were collected at various time intervals ranging from 4-120 h. At the 
end of the 5-day holding period, the rats were killed and the carcasses 
kept frozen for subsequent assay. A minor deviation from the usual 
excretion analysis methodology is that in this experiment results are 
based on the percentage of radioactivity recovered whereas other 
studies are based on the theoretical radioactivity applied. 
For dermal treatment in the indirect method, rats were shaved on 
the midback region (electric animal hair clippers) 24 h prior to treat-
ment. Dermal application rates were 4 JLg of compound per cm2 of 
surface area in 0.1 ml of acetone containing 1.5 JLCi of total radioactivity. 
Applications were made with a 250-JLl Hamilton syringe. Care was taken 
to prevent runoff of acetone. Animals were placed individually in 
metabolism cages provided with Purina rat chow and water ad lib 
throughout the designated t ime intervals. Plastic collars were attached 
to the neck to prevent licking at the application site. 
The methodology for the treated patch analysis (direct) method was 
similar to that described by Shah et al [15]. Three animals were killed 
at 4, 8, 12, 24, 48, and 120-h. Urine and feces were collected separately. 
At the end of each time period, blood, liver, application site (skin 
patch), and carcass were assayed for radioactivity. Respiratory products 
were also collected, but amounts were less than 1% of the recovered 
dose. No symptoms of poisoning were noted during the course of the 
experiment. When the skin patch was removed and oxidized at the zero 
time interval, over 98% of the radioactivity was recovered. 
Determination of Radioactivity 
Tissues, or aliquots of the homogenates, were oxidized in a Harvey 
Biological Oxidizer using 15 ml of Carbon-14 Scintillation Fluid as a 
trapping solution. The carcass was cut into small pieces which were 
plunged into liqu id nitrogen and blended in a Waring blender containing 
liquid nitrogen (full speed) . The resultant powder was resuspended in 
water, and the final volume was recorded. Aliquots of the homogenates 
as well as air-dried feces samples were oxidized as previously described. 
Aliquots of urine were directly pipetted into scin tillation vials, and 10 
ml of Pico-Fluor 30 was added to each vial. 
Radioactivity in scin tillation vials 'was determined in a Model 3330 
Packard Tri-CARB Spectrometer. All counts were corrected for 
quenching by using either internal or external standardization methods. 
Statistical Analysis 
All values are based on the total radioactivity recovered (over 90% 
in all cases). Standard errors were calculated. The half-time for clear-
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ance of the i.p. dose and half-time for absorpt ion of each compound 
were determined by regression analysis (semilog scale). 
RESULTS 
Urinary excretion rates following i.p. administration are 
shown in Table I. In the case of parathion and carbaryl more 
than 83% of the radioactivity was detected in the urine at 120 
h, while only 3% of DDT was excreted in the urine during that 
interval. Time for 50% urinary clearance of the total dose is 6.5 
h for carbaryl, 12.7 h for parathion, and 8.4 X 1036 h for DDT. 
It must be stressed that DDT would be expected to have 
penetrated but would be stored in fat. The con ection factor, as 
determined by i.p. experiments, for incomplete urinary excre-
tion was 35 for DDT, while carbaryl and pamthion sh owed 
similar correction factors (1.2 and 1.15, respectively). 
A comparison of dermal penetration rates by the two methods 
(indirect and direct) is shown in Table II. Generally a good 
conelation was observed for the two methods at the later time 
intervals. Dermal penetration rates of parathion by these two 
methods were different at the 4- and 120-h time interval. 
Carbaryl was significantly different at 4-, 8-, 12-, and 120-h time 
intervals by the two methods. Dermal penetration rates of 
DDT by the two methods were different at 12, 48, and 120 h . 
Time for 50% dermal penetration of the total dose by the 
direct method ranges from about 5 h for carbaryl to 42 h for 
DDT. Half-time for dermal penetration was fairly similar by 
both methods except in the case of carbaryl where rapid pene-
tration measured by the direct method at early time intervals 
contributed to significant deviation. 
Distribution of radioactivity into various tissues and feces is 
shown in Table III. Less than 0.1% of the total dose was found 
in the blood at any interval despite its function as a transport 
medium for these chemicals. Radioactivity in the liver was 
highest for DDT (5.5%) as compared to parathion and carbaryl. 
Each compound showed an increase in radioactivity in feces 
with increase in time as expected. Radioactivity in feces was 
highest for carbaryl while parathion and DDT were excreted in 
approximately equal amounts at the 120-h time interval period. 
However, the relative amount of DDT eliminated in feces is 
much greater than for parathion and carbaryl. DDT showed 
the highest amount of radioactivity in carcass (63%) at 120 h 
postapplication due to high storage in the fat. In general, 
parathion and carbaryl showed the highest amounts of radio-
activity in carcass at the early time intervals and gradually 
decreased as time progressed, while the reverse was true for 
DDT. 
TABLE I. Urinary excretion of i.p. administered 14C-labeled insecticides in rat• 
Excretion rate (% of recovered dose/ h) Total excretion 
Compounds Half-time for Percent of re· clearance 
0-4 4-8 8-12 12-24 24-48 48-72 72-96 96-120 covered dose SE ± 
Parathion 6.24 4.14 2.78 1.02 0.52 0.19 0.10 0.11 86.99 2.87 12.66 h 
Carbaryl 7.56 6.00 3.62 0.89 0.10 0.04 0.02 0.01 83.52 2.18 6.46h 
DDT 0.18 0.14 0.08 0.03 O.Ql 0.01 0.01 0.01 2.85 0.48 8.4 X l0a6 h 
• Mean values of urinary recovery of '''C for 5 days fo llowing i.p. dose. Six rats per compound. 
TABLE II. Comparison of two methods (indirect and direct) for determination of dermal penetration rates(% of recovered dose). 
Parathion Carbaryl DDT 
Time interval (h) Indirect" , % penetra- Direct, % penetra- Indirect'', % pene t.ru- Direct, % penetra- Indirect", % penelra- Direct, % penetl'a-
tion ± SE tion ± SE tion ± SE tion ± SE tion ± SE tion ± SE 
4 18.69 ± 1.19 22.65 ± 1.17 22.57 ± 2.61 45.73 ± 2.03 1.70 ± 0.57 2.42 ± 0.44 
8 20.62 ± 4.97 27.35 ± 3.92 36.51 ± 4.29 52.17 ± 2.40 3.96 ± 1.15 5.60 ± 0.54 
12 50.05 ± 7.98 53.48 ± 7.81 65.10 ± 2.31 72.09 ± 1.46 5.08 ± 0.56 13.57 ± 7.37 
24 66.85 ± 4.73 65.42 ± 5.78 76.05 ± 5.12 75.06 ± 4.62 24.82 ± 2.37 24.72 ± 5.12 
48 89.80 ± 1.27 89.69 ± 1.93 88.96 ± 7.92 87.84 ± 3.72 31.82 ± 3.64 52.70 ± 5.21 
120 94.70 ± 0.59 98.99 ± 0.17 91.32 ± 0.56 95.74 ± 1.19 93.13 ± 0.02 85.70 ± 2.18 
Half-time for 14.87 h 13.15 h 10.34 h 4.75 h 48.45 h 41.54 h 
penetration 
"Results are corrected for incomplete urinary excretion from the factor obtained in i.p. experiments . Three animals per time interval. 
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TABLE III. Distribution of radioactivity into various tissues after dermal application of "C-insecticides in rat a.t selected time intervals 
(percent of recovered dose)" 
Time in- Parathion 
Le rval (h) Blood'' Liver Feces Carcass Blood' 
4 0.02 0.09 0.51 5.77 0.08 
8 0.01 0.06 0.65 4.59 0.04 
12 0.02 0.14 2.18 5.86 0.03 
24 0.01 0.05 1.49 5.72 O.Ql 
48 0.01 0.17 8.56 2.84 0.01 
120 <0.01 0.05 14.87 1.64 <0.01 
"Table excludes UJ·ine and amount absorbed. 
1
' Expressed as percent of recovered dose in ml of blood. 
DISCUSSION 
A good correlation was found between the two methods of 
measuring penetration in vivo. Some minor discrepancy be-
tween the two methods occurred during the early time intervals. 
The correction factor for incomplete urinary excretion for DDT 
was over 35 yet the results of the two methods were similar. 
While urinary excretion of i.v. doses of parathion and carbaryl 
was 45% and 7% in humans [12], in rats excretion of i.p. doses 
was 87% and 84%, respectively. This suggests substantial differ-
ence in routes of elimination between these two species. 
If a comparison is made between the two methods when 
correction factors are given for 120-h excretion vs. 48-h excre-
tion, the rates of penetration for the indirect method tend to 
appear proportionately higher. This is due to the fact that 
correction factors become higher, hence greater uncertainty. 
Thus, as Franz [4] has suggested, adequate time intervals for 
excretion are necessary. In most instances 5 days are sufficient, 
but compounds having a slow rate of absorption could be 
underestimated unless minary excretion is observed for longer 
intervals. This has been recognized (Howard I. Maibach, per-
sonal communication) in tests with DDT, hexachlorophene, 
and PCBs where 3-week time periods were observed. 
The half-time for penetration of these compounds was similar 
by the two methods for DDT and parathion. There is variation 
in the half-time of penetration of carbaryl as determined by the 
two methods. The difference may be due to the fact that 
carbaryl moves slowly from the carcass following initial pene-
tration into minary pathways m· that ring-labeled carbaryl 
requires substantially longer intervals to be excreted (as it 
would be expected to r equire conjugation). There appears to be 
a short lag phase initially, causing higher values for half-time 
for penetration with the indirect method. 
We feel that both methods are simple, rapid, and easy to 
perform in the laboratory. The direct method has limitations in 
application to humans as it requires removal of the application 
site for estimation. The direct method may be more feasible 
dming testing of small laboratory animals (mice), where con-
tamination of urine is a problem. 
Bartek and LaBudde [18] studied the comparative absorption 
of insecticides in rabbit, pig, and monkey while Feldmann and 
Maibach [12] made similar studies in humans (Table IV) . 
Carbaryl showed more than 70% absorption in humans com-
pared to about 10% absorption for DDT and parathion. Pam-
thion showed the highest penetration (>97%) in rabbit and rat. 
In general, the rat showed the highest penetration among the 
species tested but it h as been suggested that this species does 
not correlate well to humans [2]. Humans showed lowest pen-
etration (with the exception of carbaryl) among the species 
compared. Even though DDT showed lowest penetration in the 
squirrel monkey, there was uncertainty because the authors did 
not correct for incomplete urinary excretion. 
These compounds have a large difference in dermal LDGO 
values ranging from 20 mg/kg to more than 1000 mg/kg. Yet 
their rates of dermal absorption would not reflect this differ-
ence. Thus, factors such as metabolism, storage, etc. appear to 
Carbaryl DDT 
Liver Feces Carcass Blood' Liver Feces Carcass 
0.59 0.63 25.65 <0.01 0.44 0.02 1.92 
0.47 2.89 18.27 <0.01 1.51 0.04 3.94 
0.23 4.41 13.05 O.Ql 3.59 0.18 9.65 
0.11 6.68 4.76 O.Ql 3.43 1.32 19.26 
0.04 9.87 3.63 O.Ql 5.27 4.70 41.80 
0.13 17.38 1.97 0.01 5.48 14.36 63.19 
TABLE IV. Percutaneous absorption of three p esticides by rabbit, 
pig, squirrel monl<ey, humans, and rat (in vivo) measured by similar 
methodology 
Pesticide 
Rabbit" 
DDT 46.3 
Parathion 97.5 
Carbru·yl 
" Bru-tek and LaBudde [17]. 
b Feldmann and Maibach [12]. 
c Present study. 
Pig" 
43.4 
14.5 
Percent absorbed 
Monkey" Human, Rat' 
1.5 10.4 85.7 
30.3 9.7 99 
73.9 95.7 
have important roles in ultimate toxicity of the compounds 
while t he effect of penetration in overall toxicity remains un-
certain. 
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